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Abstract
PIFA antenna (Planar Inverted F Antenna) is one of the most used in mobile 
devices, fundamentally for it reduced size. Because of the convergence of 
wireless services in one mobile device, it is convenient that it can operate in 
ěȱǰȱȱȱȱȱǯȱǰȱ-
sides technical consideration, it is necessary the evaluation of antenna radia-
tion impact in the user. Therefore, in this work a dual-band PIFA antenna for 
GSM 900 and GSM 1800 is presented and its interaction with a model of user 
hand and head is analyzed and evaluated by means of SAR (ęȱ-
ȱ) parameter in a simulated manner. The dual-band characteristic is 
obtained by means of an insertion of an L-shaped slot, which will use to tune 
ȱȱǯȱ
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Introduction
The vertiginous growth of the mobile wireless commu-
nications has leaded the development of small anten-
nas with multiband behavior. In this moment, a 
terminal often integrates several wireless systems, and 
the antennas play a fundamental role in the best design 
of these. An appropriate design and an integrated ra-
diator, not only permit a reliable connection, indepen-
dently of the orientation of the terminal, but also it 
helps to foresee an excessive consumption of the bat-
¢ǰȱȱȱĜ¢ǯȱȱǰȱȱȱȱ
ȱ ȱȱ ȱ ȱ ȱ ȱ ěȱ ȱ ȱ
housing and antenna radiation interaction with the hu-
man body, with the objective to select the best design 
and location of the radiator in the terminal.
The implementation of an antenna is schematized in 
(Balanis, 2008) as a cyclical process where intervene 
four stages, as it is shown in Figure 1: antenna design, 
multiple antenna analysis, human interaction study, 
ȱȱěǲȱȱȱȱ ȱȱȱ-
tromagnetic parameters are met. The present work will 
take into account mainly two stages: the design of the 
antenna and its interaction with a representative model 
of user (SAM, ęȱȱ). 
The studies and reports that have been carried out 
analyzing the impact of SAR are diverse, however do 
not exist data for all conditions that can be given. In 
(Firoozy & Shirazi, 2011) is presented a dual band PIFA 
antenna (1800 and 2442 MHz), and is analyzed the SAR 
by means of CST MICROWAVE STUDIO (CST MWS) 
 ȱǯȱȱǻ
ǰȱ
ǰȱǰȱ
ǭȱǰȱŘŖŗŗǼȱȱ¢ȱȱȱȱȱȱ-
nnas in a human body model was carried out, evalua-
ȱȱȱěȱȱȱȱȱǻȱȱǼǯȱ
This work also evaluates the impact of the type of mate-
rial to use as antenna. The multiband behavior is obtai-
ned with a U-shaped slot. In (Vehovský et al., 2014) a 
PIFA for the two bands of GSM with an L-shaped slot is 
presented, and it was built and tested a hand model for 
SAR evaluation. In (Liu & Zhao, 2014) a multiband an-
ȱ ȱ ȱ  ȱ ȱ ȱ ȱ ȱ 	şŖŖȦȱ
ŗŞŖŖȦŗşŖŖǰȱŘŗŖŖȱȱŘřŖŖȦŘśŖŖȱ ȱǰȱ
and was evaluated the SAR in the presence of a hand 
and head model. In (Lee & Sung, 2014) are also analy-
zed the values of SAR with a SAM model. 
Based on the previous information, the paper pre-
sents the design of a dual-band PIFA antenna for the 
GSM900 (876-960MHz) and GSM1800 (1710-1889 MHz) 
ǯȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ Ȭ
band behavior are obtained by means of the insertion of 
ȱȬȱǯȱȱȱȱȱȱȱǻ-
bedo et al., 2009) and (Vehovský et al., 2014). The propo-
ȱȱȱȱȱȱȱȱęȱȱȱ
the structure will be realized varying the width of the 
L-shaped slot inserted in the patch, rather than the 
patch dimension. For the PIFA design several criteria 
ȱȱȱȱǱȱęȱȱȱȱȱ
extreme of the structure, and maintain as low as possi-
ble the height (vertical dimension). Moreover, the eva-
ȱ ȱ ȱ ȱ Ěȱ ȱ ȱȱ ȱ ȱ
hand and head is carried out in a simulated manner. 
CST MWS software is used for the simulations.
Dual band PIFA antenna with L-shaped slot
To obtain good radiation characteristics, the antenna 
must be resonant and it size must be comparable with 
the wavelength. That is the reason for the introduction 
ȱ ȱ ȱ ȱ ȱ ȱ ȱ -
sions of the structure. The use of a PIFA antenna per-
mits a reduction of at least the half of the size with 
respect to a basic microstrip antenna. This is suc-
cessfully achieved by means of a shorting wall, and if 
ȱȱȱȱȱȱȱ¢ȱȱ
be obtained. Some advantages of the PIFA antennas 
ȱȱ£ǰȱ ȱęǰȱ¢ȱȱȱȱ
good electric behavior.
The fundamental parameters to adjust the PIFA de-
sign are the longitude of the patch (L and W), the height 
of the structure , the width of the shorting wall w, and 
the distance from the feeding to the wall. The dimen-
sions of the L, W and the  are chosen to achieve a cer-
ȱȱ¢ȱȱ ȱǻ	ÇǰȱŘŖŖŝǼ
(1) 
4
OH # rhLFigure 1. Schematic process for mobile handset antenna implementation
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where 
Ήr = dielectric constant of the substrate between the 
patch and the ground plane 
Ώȱȱȱƽȱȱȱȱ ǯȱ
If the wall is reduced to a shorting pin, the electromag-
netic waves will travel a longer distance, for which the 
condition of resonance is transformed in
(2)
Several considerations obtained from diverse parame-
tric studies will be taken to design a PIFA: the band-
width of the PIFA increases with the  (as in the case of 
the conventional patch antenna), and the dimension of 
ȱȱȱȱȱ¢ȱǻȱǰȱ
 ȱ ¢Ǽǯȱ ǰȱ ȱ ȱ ȱ ȱ
have been carried out (position of the shorting wall, po-
sition of the feeding, height of the layer of air) for tu-
ning the structure. 
At the beginning, a patch that operates at GSM 900 
ȱ ȱǰȱȱȱȱ¢ȱȱ¡-
ted with the insertion of the L-shaped slot with a length 
ȱΏȦŚȱȱ	ȱŗŞŖŖȱǯȱȱ¡ȱ-
ȱȱȱȱȱȱ ȱ¢ȱȱȱ
ȱȱǻŘǼ
ǻřǼ
ȱȱȱ¢ȱȱȱȱ ȱǰȱ
as is proposed in (Firoozy & Shirady, 2011)
(4)
ȱȱ ȱȱ ȱęȱ ȱ ¢ȱ ǻȱ
lower) the dimension of the patch is adjusted. The con-
ęȱȱȱȱȱȱȱȱ-
gure 2, and it can be seen that there is an air separation 
between the ground plane and the substrate that hold 
ȱǯȱȱȱȱȱěȱȱȱȱ
ȱȱȱȱȱǻȱǭȱ¢ǰȱŘŖŖřǼ
ǻśǼ
The feeding and the shorting wall are in line in Figure 
2, separated by 4 mm from the edge where is located 
the shorting wall to the center of the coaxial probe feed. 
The parameters of the structure are shown in Table 1. 
As the slot is a fundamental aspect in the operation 
ȱȱȱǰȱȱ¢ȱȱȱĚȱȱȱ
 ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ęȱ ȱ ȱ ȱ
structure, dividing the L-shaped slot in two parts: verti-
ȱ ȱ £ǯȱ ȱ ȱ ęȱ ǰȱ ȱ ȱ
width slot of the L (Ǽȱ ȱȱȱȱřǯśȱǰȱ
and the width of the horizontal slot of the L () 
 ȱȱȱŗǯśȱȱŚȱǰȱĴȱȱ11 values of Fi-
ȱřǯȱ
And in the second moment, was kept  ȱ
ȱřǯśȱǰȱȱ ȱȱȱ from 1 to 4 mm, and 
were obtained the values of Figure 4.
ȱȱřȱȱŚǰȱ¢ȱȱ ȱ ȱ ȱ
ȱȱ ȱȱȱȱ¢ǰȱȱ-
£ȱȱ ȱȱȱ ȱ¢ǯȱȱ-
tennas in mobile devices, the -6 dB value of S11 
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Table 1. Geometric parameters of PIFA antenna with L-shaped 
slot
Parameters Value
L2 16 mm
Lř 21 mm
W 40 mm
L Řřȱ
 ( height of the shorting wall ) ŝǯśȱ
( height of the FR substrate-4 ) ŗǯśŞȱ
air ( height of the separation of air ) śǯşŘȱ
pt ( height of the copper ground plane ) 0.6 mm
c ( height of the copper microstrip antenna) ŖǯŖřśȱ
Total  height (ptȱƸȱȱƸȱcǼ Şǯŗřśȱ
 (width of the vertical slot of the L ) 2.7 mm
 (width of the horizontal slot of the L ) śȱ
Ήr (dielectric constant of the FR-4 substrate) Śǯř
tanΈȱǻȱȱȱȱȱȬŚȱǼ ŖǯŖŘś
width of the shorting wall 0.6 x 1 mm 2 
Figure 2. Configuration of the PIFA antenna with L-shaped slot, 
a) geometric parameters, b) perspective view
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parameter is usually considered as the bandwidth limit 
(Balanis, 2008).
Results of the PIFA of Table 1 are presented in Figu-
ȱśǰȱŜǰȱŝȱȱŞǯȱȱ11 parameter is presented in Figu-
re 10.
ȱśȱ ȱȱȱ ȱȱȱ-
¢ȱĚ ȱȱȱ¢ȱȱȱǯȱȱȱ ȱ
¢ȱȱşŘŖȱ
£ǰȱȱȱȱȱȱȱ
majority of the current, meanwhile for the superior fre-
¢ȱȱŗŞŖŖȱ
£ȱȱȱȱȱȱǯȱȱ
ȱ Ŝǰȱ ȱ ȱ ȱ ȱ Ěȱȱ ȱȬȱ
slot in the surface current distribution, where it is more 
intense the current near the slot for 1800 MHz. The ra-
ȱĴȱȱ ȱȱȱȱȱȱ
ȱȱŝȱȱŞǰȱȱȱęȱęȱ ȱȱȱ
 ǰȱȱȱȱȱęȱȱȱǯ
Theoretical principles of antenna-user interaction
ȱȱęȱȱȱȱȱȱȱ
surface of the antenna propagates near and through the 
hands and head of the user that hold the structure. As a 
result, a polarization of the cells in the human body oc-
curs as a product of the heating in near parts to the ra-
diator. This radiation exposure, if is not regulated, can 
cause damages to the health of the user.  The amount of 
Figure 3. S11 parameter, variation of the 
width of the horizontal slot, with a fixed 
width for the vertical slot
Figure 4. S11 parameter, variation of the 
width of the vertical slot, with a fixed 
width for the horizontal slot
Figure 5. Electrical field distribution E in 
the structure, a) 920 MHz, b) 1800 MHz
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radiation that can absorb the tissue is evaluated by 
means of the SAR (ęȱȱ), parameter 
ȱȱȱęȱȱȱ ȱȱȱȱ
element of human tissue with certain conductivity 
ǻȱȱǰȱŗşşşǼ
(6)
where 
ΗǻȦǼȱ ȱ UǻȦř) = conductivity and the density 
mass of the tissue respectively 
ȱƽȱȱȱȱȱȱęȱǻȱȱ
value) 
J = current density vector 
ȱȱȱ£ȱȱ
values for the permissible maximum SAR produced for 
ȱ ȱ ȱȱǯȱ ȱȦȱ -
ȱ şśǯřȬŗşşşȱ ǻȱ ȱ ǰȱ ŗşşşǼȱ
suggests that in a 1g of tissue mass the maximum SAR 
ȱȱȱȱ ȱŗǯŜȱȦǰȱȱ ȱ ȱ ȱ
¢ȱȱȱȱȱŖǯŖŞȱȦǯȱȱȱȱȱŘȱȦȱ
ȱ¡ȱȱęȱȱŗŖȱȱȱ¢ȱȱȱ
Europe.
In this work, three simulated experiment were ca-
rried out using CST MWS software for SAR evaluation. 
ǰȱ ȱ ȱ ȱ ȱ Ȭȱ ǲȱ -
ǰȱȱȱ ȱȱȱǲȱȱę¢ǰȱȱ
interaction of the hand and head with the antenna. 
SAM models of hand and head were used. Despite that 
they are an approximation of the reality, this use is con-
sidered appropriate, as it has been presented in several 
articles (Montaser et alǯǰȱŘŖŗŘǲȱȬ¢ȱǭȱĴǰȱ
ŘŖŗŘǲȱȱǭȱǰȱŘŖŗŚǲȱȱǭȱǰȱŘŖŗŚǼǯȱȱ-
ties of the models are given in Table 2. They are based 
on the phantom model provided by CST MWS, where 
an additional average density was added to the hand to 
evaluate the SAR in it. 
Table 2. Parameters of the SAM models
920 MHz
Ήr ΗǻȦǼ UȱǻȦ
ř)
SAM 41.46 0.0016 1000
hand 20 1 1000
1800 MHz
Ήr ΗǻȦǼ UȱǻȦ
ř)
SAM 40 0.0016 1000
hand 20 1 1000
Evaluation results of PIFA near to the hand and 
head SAM model
ȱęȱȱȱȱ ȱȱȱȱ
models is presented in Figure 9. The SAR is calculated 
with an output power from de antenna of 24 dBm 
ǻŖǯŘśǼȱȱȱ¢ȱȱȱ	ȱşŖŖȱǰȱȱȱ
 ȱȱŘŗȱȱǻŖǯŗŘśǼȱȱȱȱȱ	ȱŗŞŖŖǰȱȱ
was done in (Lee & Sung, 2014). These are common va-
lues for mobile devices into these bands and service. 
ȦW kgª º¬ ¼
2
2
SAR
2
Η ƽ  ƽ
Ε ΗΕ

Figure 7. Gain, a) 920 MHz, b) 1800 
MHz (the values are given for the main 
direction)
Figure 6. Surface current distribution in 
the structure, a) 920 MHz, b) 1800 MHz 
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Figure 8. Radiation pattern for the main 
angles, a) Theta variation, b) Phi variation
a)
b)
Figure 9. View of the model configuration 
between the antenna, hand and head
Figure 10. Comparison of S11 parameter 
in the different scenarios: PIFA only, and 
PIFA in interaction with models of hand 
and head
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The method of averaging volume used is the IEEE 
şśǯřǯ
Figure 10 shows the S11 ȱȱȱę-
ration: the PIFA antenna isolated and the three simula-
ted experiments. 
In Figure 11 the SAR distributions are presented. It 
is notice that the higher amount is concentrated funda-
mentally in the hand, and in smaller amount in the 
ǯȱȱȱȱŖǯŖŞȦȱǻȱǼȱȱŗǯŜȦȱ
(Maximum SAR) are not exceeded for the head model, 
and total SAR is not exceeded for the hand and head 
model. The maximum SAR for the hand and head mo-
del is high, because it takes into account the maximum 
value of both elements, which is provided by the hand. 
The fundamental parameters according to the SAR for 
ȱęȱȱ ȱȱȱřǯȱȱȱ
ĴȱȱȱȱȱŗŘǰȱȱȱȱȱȱ
the directivity is maximum in opposite direction of the 
head, which is the most important part of the body to 
protect from the radiation. 
Conclusions
In this paper the design of a PIFA antenna with an L-
shaped slot and it SAR evaluation for three simulated 
experiment was carried out. The L-shaped slot permits 
ȱȱȱȱ¢ȱ¢ȱǰȱȱȱ
variation of its widths allows tuning the structure for 
ȱ ǯȱ ȱ ȱ  ȱ ȱ ȱ  ȱ ȱ
(vertical and horizontal) for the variation of its width. 
While the variation of the vertical slot width allows the 
ęȱȱȱȱȱ¢ǰȱȱȱȱȱ
£ȱȱ ȱ ȱȱęȱȱȱȱ ȱ
¢ǯ
Comparing the S11 parameter of the PIFA only and 
interacting with the models, is observed that the hand 
ȱ ȱ ȱ ȱ Ěȱ ȱ ȱ ȱ -
ȱ ǰȱȱ ȱȱ ȱȱȱ
ȱ ȱ ȱ ȱ  ȱ ¢ǰȱ ȱ ȱ
the model composition and it proximity to the antenna 
ǯȱȱȱ ȱ ęȱ ȱ ȱ
Figure 11. Distribution of SAR (1g) in the 
different configurations: PIFA and head 
model, PIFA and hand model, and PIFA 
with hand and head models920 MHz           1800 MHz
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the antenna allows that the radiation is in an opposite 
direction to the head model. Also, SAR parameters are 
under the maximum allowable for the standard, ma-
king the design suitable for mobile devices. Although 
the SAM models are considered appropriate for simu-
ǰȱȱěȱȱȱȱȱȱȱ-
ties of tissues must be taken into account for more 
accurate approximation.
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